2001 01/25 THU 13:59 FAX 03 3288 3222 KtGuragi Patent ^ OSTROLEII 



Claims : 



1. A data structure in which itoms of data are stored 

fur ijeai'c;h, comyritfliiy ; 

a tree structure in which the items of data are stored 
except for a portion of the items of data corresponding to a 
^ suD-tree structure, which is a seiected portion ot an assumea 
tree ctruoturc formed by ail the items of data; and 

an equivaieni taiDie storing tne portion of the items 
o£ data in table form- 

2. The data structure according to claim 1, wherein 
10 the tree structure includes a plurality of nodes , 

each of which is composed of a node information flag, a plurality 
of pointers each corresponding to predetermined branches, and 
related information, wherein each of the Dolnters indicates one 
of its child node, the equivalent table, and NULL, and 
15 the equivalent table includes a plurality of entries , 

P.ar/h of which i ?: nnmpn.qp.d of a trihlp. nodp. informririon flag, a 
tail entry flag, a data bit string, a search bit length, and 
related mtormation, 

3. The data structure accordinq to claim 2, wherein the 
20 data bit string is arranged so that a length of the data bit 

string is equal to that of search data, wherein the search bit 
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lengtJi indicates a length of an original data ^xt string to match 
with the search data, 

4 . The data structure according to claim 2, wherein the 
entries in the equivalent table are stored at consecutive 

:? locations in a memory. 

5 . The data structure according to claim i . vnerem the 
sub-trQO structure is SGlQCtad so as to satisfying ths following 

cuiidlLloiiS at) and b): 

a) an amount of memory required to store the data 
10 structure is smaller than that required to store the assumed 

tree structure: and 

b) search performance of the data structure is not 
lower than that of the assumed tree structure, 

6. A iiieLhod lox cous Lr uc liiig a data structure in which 
l.S itP.ms of data are stored for search, comprising thP. ?;tftpp: of: 

a) forming an assumed tree structure in which all 

the Items ot data are stored: 

b) ccqucntially celooting a node from the assumed 
tree structure to select a sub-tree structure designated \}y the 

2tj selected node; 

c) forming an equivalent table storing a portion of 
the itftm5? of d^ta r^orrespondi ng to the ??f=^.lecfed snb-tree 
structure in a table form; 
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d) determining whether the selected sub-tre^ 
structure satisfies the following conditions: 1) en amount 
at memory required to store a data structure inciud-1 ng tha 
equivalent table in place of the selected cub tree Gtructurc 
5 IS smaller tnan mat requirea to store tne assumea tree 

structure ; and 2 ) search performance of the data structure is not 
lowtij. Lhdii LhaL of Lhe assumed Lxee structure; and 

p) whpn thft qp.lAntf^r] sub-tre.p. ?^trnr.tnrp, .qatic^fip.q 
the conditions (1) and (2), replacing the selected sub-tree 

lu Structure witn tne equivalent taoie to construct tne aata 
structure* 

7 . The method according to claim 6 ^ wherein 

Llie cuxidiLlun (1) lb- LhaL, whtJii the belecLtid 
sub-tree structure is replaced with the eqnivfllftnt tahlp, tn form 
15 a new data structure, a ma;:imum search time TmaK_t calculated 
trom tne new aata structure aoes not exceed a maximum search 
time Tmax calculated from the assumed tree structure; and 

the condition (2) Is that, when trie selected 
eub-tres structure is r^plac^d with the equivalent table to form 
20 a new data structure, a necessary amount of memory for the new 
data structure is smaller than that for the assumed tree 
structure . 

8. The method according to claim 1 , wherein a decision 
uii wheLhei Lhe cundlLluii (i) ic» saLisfied lis made deyeiidiny on 
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whether the following equation is satisfied: 

No ^ N:. X when K = Te/Tn. 
where is the number of items of data included in the selected 

sub-tx'Qs structure, M^^ is th© number of levels of the 

search time per node, and Te is search time per entry in the 
equivalent table . 

9 . An appa-ratuG for oonGtruoting a data ctructurc in 
Which Items of data are stored for search, comprising; 

10 a tree formation section for forming an assamed troe 

bliuuLuie in which all Lhe ileuib of data ai.e Lured; 

a node selector for sequentially selecting a node 
from the assumed tree structure to select a sub-tree structure 
designated by the selected node, forming an equivalent tabie 

15 storing a portion o£ the items o£ data corresponding to the 
selected sub-tree structure m a table form, and determining 
the selected sub-tree structure when it satisfies the following 
conditions: 1) an amount of memory required to store a data 
qrrnntnrp. including thp. p.qnivrilAnt rahl p in planA of thp. 

20 selected sub-tree structure is smaller than that required to 
store tne assumea iree structure; and search perrormance of 
the data structure Ic not lower than that of the assumed tree 
structure; and 

a data structure formation section for replacing the 

2:' selected sub- tree structure satlsTying the conditions (1) and 
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(2) with thA Aqnivalftnt table fTorrft.qponding to the selected 
sub- tree structure to construct the data structure. 

10. The apparatus according to claim 9, whersin 
the condition (1) Is that, when Lhe belecLtjd 

5 sub-tr&e structure is replaced with the equivalent table to form 
a. new data structure, a maximum search time Tmax_t calculated 
from the new data structure does not exceed a maximum searcn 
time TmaK calculated from the asaumcd tree structure; and 
"Che condition (2) is that, when the selecrea 
10 cub-tree ctructure ie replaced with the oquivaient table to form 
a new data structure, a necessary cimount of lubuiory foi.- the new 
data structure is smaller than that for the assumed tree 
structure . 

11, The apparatus according to claim 10, wherein a 
15 decision on whether the condition (1) is satisfied is made 

dopending on whether th© following equation is satisfied: 

^ X When K = Te/Tn, 
where is the number of irp.m.c; nf data inclnfieri in thf^ .qpslftr.tAd 

sub- tree structure, is the number o£ levels of the 
2u selected node or lower m tne assumed tree structure, Tn is 
Gcaroh time per node, and Te ic search time per entry in the 
equivalent table. 



12. A search system comprising: 
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a mf^mory strjring ri data c:1-rnctiTrp- in whicb items of 
data are stored for search, the data structure comprising: 

a tree structure in wnicn the items ot data are store.d 
ejicept for a portion of the itemc of data corrccponding to a 
5 iiub-Lrtie structure, which is a selected portion of an assumed 
tree structnrA formAd by all the it^ms of data; and 

an equivalent table storing the portion of the items of 
data In table form; and 

a search section for searching the data structure 
10 for an item of data matching input search data. 

13. The search system further comprising: 

a tree formation section for forming an assumed tree 
sLxucLure in which all the items of data ax^e stor'ed; 

a nnd*si Sf^J ftctor for <;#=bqnftnti al 1 y sal acting a node 

15 from the aasumed tree structure to select a sub -tree structures 
designated by the selected node, forming an equivalent table 
storing a portion of the items of data corresponding to th© 
^selected sub-Lree b-LiucLure la ei table form, and deLeimiaiuy 
the selected sub-tree structure when it satisfies the following 

20 conditions; 1} an amount of memory required to store a data 
srructure inciuciing tnc equivalent table in place ot tiie 
selected cub-trcc ctructurc is nmallcr than that required to 
store the assumed tree structure; and 2) search performance of 
the data structure is not lowsr than that of the assumed tre^ 

25 structure; and 
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a data structure rormation section for replacing the 
selected sub tree structure satisfying the conditions .(1) and 
(2) wirn tne equivalent tatDie corresponding to tne selected 
sub-tree structure to construct the data structure that is 
5 b-Luied in Ihe meiinjiy. 

14. The search system according to claim 13, v/herein 
the condition (1] is that, when rne selected 

cub- tree structure is replaced with the equivalent table to form 
a new dara structure, a maximum search time Tmax_t calculated 

10 from the new data strucrure does not excead a maximum search 
IxLii^ TuiaA calculated Iluul the a;»b-uiued Liee b Li. llC Lujl e ; aiiJ 

the condition (2) is that, when the selected 
sub'tree structure is replaced with the equivalent table to form 
a new data structure, a necessary amount ot memory tor the new 

15 data structure is smaller than that for the assumed tree 
Structure. 

15, The search system according to claim 14, wherein a 
cienicjion on whftthftr the condition (1) is satisfied 1s made 
depending on v^hether the following equation is satisfied; 

<: X K, when K = Te/Tn, 
where is the number of items of data included in the selected 
sub- tree structure, is the number of levels of the 
selected node or lower in the assumed tree structure, Tn is 
search time per node, and Te is search time per entry in the 
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eauivaient laoie. 

16 . A storage meaiaiu fur uaed In d aedicU yyiiLeui. b Lurlny 
computer-readable items of data to be searched in a data 
structure ^ the data structure comprising: 

a tree structure in which the items ot lata are storea 
except for a portion of the items of data corresponding to a 
sub-tree structure, which is a selectea portion of an assumed 
tree structure formed by all the items of data; and 

an equivaleiil Lable bLoiiuy the puxLion ol Ihts items 
of data in table form. 

17. Thft stnraga medinm according to claim 16, wherein 
the tree structure includes a plurality of nodes, 

each ot wnicn is composed of a node information flag, a plurality 
of pointers each corresponding to predetermined branches , and 
15 relciteci inf orrndtlua. wheitiiii each ut the pulule-Li? ludicaLes one 
of its child node, the equivalent table, and NULL, and 

the equivalent table includes a plurality of entries , 
each of which is composea or a tabie noae intormaiion riag, a 
tail entry flag, a data bit string, a search bit length, and 

20 reiatea mrormarion. 

18. The iaLoxaye medium according to claim 17, wherein 
thp dr=it'^ bit str-rng i c; arrangpri .c:n that a length Of the data 
bit string is equal to that o£ search data, wherein the secirch 
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iDit length indicates a length of an original data bit string 
to match with the search data. 

19. The storage medium according to claim 17, wherein 
the entries in the equivalent table are stored at consecutive 

5 locations in a memory. 

20. The storage medium according to claim 16, wherein 
the sub-tree structure is selected eo as to satisfying the 
following conditions a) and b): 

a) an amount of memory required to store the data 
1.0 structure is smaller than that required to store the assumed 

. tr*=^A .qtriirtnrp.; anrl 

b) search performance of the data structure is not 

lower tnan that ot the assumed tree structure. 

21. A storage medium storing a computer-readable 

15 program for constructing a data structure in which items of data 
are stored for search, the program comprising the steps of: 

a) forming an assumed tree fltrnoture jn wnich all 
the items of data are storcd; 

b) sequentially selecting a node from tne assumed 
20 tree structure to select a sub-tree structure designated by the 

selfcicLed nude; 

c) forming an equivalent table storing a portion of 
the items of data corresponding to the selected sub- tree 
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structure in a table form; 

d) determining whether the selected sub-tre» 
strijctura satisfies the following conditions; 1) an amount 
of memory required to store a data structure Including the 

5 eauivaient table m place of tne seiectea sutt-tree structure 
is smaller than that required to stors th© aseumad tree 
ijLxucjLure; ciud2) b'^aich pexf oxmciuue uf Liie data i:>'LxucLujLe l^i uuL 
low^er than that of the assumed tree structure; and 

e) when the selected sub-tree structure satisfies 
lu tne conditions (1) and (2). replacing the seiectea suD-tree 

structure with the equivalent table to con::truct the data 
structure. 

22- The storage medium according to claiiu 21, wheiielii 
the condition (1) is that, wh^n th^ selected 
l.T sub -tree structure is replaced with the equivalent table to form 
a new data structure, a maximum search time Tmax^t caicuiatea 
from the new data structure does not exceed a maximum search 
time Tmax calculated from the assumed tree structure; and 
tha condition (2) is that, when the selected 
20 Sub - Lxtie tolrucLujib; 1::> icplaced rflth the equivalent table to form 
Fi new data structure, a nAnf^ssary amount of memory for the new 
data structure is smaller than that for the assumed tree 
structure . 



23. Tne storaqe medium accordinq to claim 22, whereiu 
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a rip-n-i cr-i on ori whp.thpr thp condition (1) is satisfied is made 
depending on whether the following equation is satisfied: 

~ >^ when K - Te/Tn, 
where Njj is the number of itcmc of data included in the celcotod 
.5 sut)-tree structure, number of levels of the 

selected node or lover in the assumed tree structure, Tn is 
search time per node, and Te is search time per entry in riie 
equivalent table. 



